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£ l* ^-§- ^±^0] #*\sn ^1* q-El-vflfe- *^JEol*. 

£ 3^- sm-* -jw! 3-8- ^ ^-&3i°i ^13 ^11- H-E^fe ^^m. 

£ 4^ ** AHS°fl SJ<H^21 #S ** *r*-§- M-EWlfe- ^JE^i*. 

£ 6^: **>^ ^ #*1S) ^7>2j oflS. q-Ej-lflfe A>Al£©l^. 

£ 7-8- ^"8- ^ ^^*5ll 0 l ^13 ^7}2] oflS. q-^-lflfe- A>Al.£0]cJ-. 

£ 8£r %3- ** *MS21 «>fl* M-^tfl^ #^£.<>1 c)-. 

Sl 9~ #3. si* *HS.3 «W 31-1 q-EMl^ ^^ioiq.. 

#*tt 7|# 51 a.-fr^S] f= ell 7]# 
«■ ¥*ll $ =^ &J1 q^Sflol51 $^0] -f^fV «JA>^ -^32)-^ q$ r)^z.$]o] 

#*£r #313 <?!-§- «a€- 9r$\ #* *1 99-369712 3:<H) 7li]&T}... 



*]-g-*;*l, *Jf- 2^ (bottom -lighting) ^3) 3^ ^ 2*3 (side -lighting) ^312] £. #* (light pipe) # ^l-S-* 

2^ (back -lighting) Aj^^ol *Y^*§ *«| 33 E^^iSlM ^21 ^^^(Ajois. ^tfla^ofl 

"fl*l=H Si^ 33 ^#5l] 0 l 3*17}, 21#°fl 2]* S5 ^l^ofl Ml ^(built-in) 3:^^H1 2] * SL±°\] 

M A l°vl^ Si^r * A >^ -W 3-8- 33 c]i#efl°l &*\3.*\ 58 3 ^. SPf^ 2.= °W Al 

<r wfl^m^. *¥-4^ SM>*°1 SHr^, 2]* SM} -E.H<>1M2] Alojo] uJJjL # 

71 v]^s.%]o] S_M>^ ^ ^^1-Bllol 7l^*7l7> <H^cJ.. 



=L^, ^ ^ Al^Efl^- ol^-t!: ^eflSl S>^ ^-8- 0 -^^ ^lfe §>7l^ ^'^^f 

. ^, ^cfl ^1* ^nfl B]^^ ^^El 37) ^iAl^ cl^l-sllol ^]2] 37) 

^ ^^Mr cl^- ^^I7lfe ^^l ^Sl^l*, ^"^ cl^^eflo) ^12] ^1, 3.71 ^ ^g=-§- ^Al7l^ o)^* 
ojoiq. a*, sK- a«g ^6fl2l ^" 0 v Al^oflA^ 2:^^121-^1 ufl^lsl^ % *^]r* ^ *^>*# ^§11 °J*a} 
4mm opo v 2l ^7> 2:^ ^Efl2) S^-^-^a-1, ^- f-32l-^ ^sfl m ol^oi ^. ^^| 7 > S* 

, % *^r*, *4*. Sel# ^^l ^-¥- 2^-^9121 £^-^^1 ufl^Slol ^-f, «ast^ 3mm °1^2l ^] 

7V £*, *^ ol^S] Si-¥4^ SM>* 6 1 -¥-7>sl^ ^-f , ojj^ ^^#3)10] ^)21 Jf-3\ % «^ 71^1 
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^S°IHfe ^ -S-°l*l-7fl ^ o}jl c^il-eflol ^-^o] >£*r^ ;|-§- o_n^ cl^l-Sll 



£| Jl ^-f-/i-f-^ =r 5Utt §>M" 7R> ^€ 7l$3!l-2l ^i§- *><>l7} 0.20 3^ ^-§- 

^-Sfl t\±^o) 3flv|2| ^nfl^)^ -B^tt 7)^S1 ^r^-§r x}°)7\ 0.15 <=»1 

^r"?! AlojE. ^ ^ ^ Alois Hfl^^oil ufl^l^ fl-AV i^sl; ifi* Alol^ ^ 

* 51 ^-jL, Aj-71 A>^^ zjzj AH ig^ofl nflgfl 30 tfl*l 48° 3 ^A}zj_o s 

2:^*H nfl^}-ai ^1 ^ #*1 ^.Jf B| ^ tl^^H s^S} *1 -Jl^r ^^.S. ojT.}^ SM^W Sfl ^1^51 
Jl, -*7l W3£ ^ *WH cflsfl 10° ol*>2l ^AVzj-o^s. ^a>^ Aj-71 ^^S) ^-<^2H 

a] ols sg^o} ^ ^§A>^S1 f-^^aJSl lOBfl olAj-ol El^, ^A^ _ 3=3].^ nj^-f-aflol ^Vxl7> *)l^£i} 



.g. ^-Tgofl n}-a^, o»;§ cl^^ol 3fl^2i ^ Tgofl Hfl^^ 2^*1 3 <aA>^-c»l 6^^^ 71^^ oi«(l S.^±S. 

51 Al-yi »8-^=o.s i£^t}. tq-Sl-A^, Aj-7) ^-31-^ ^-21- 2JE°f|Ai5l «fl^§ tq^#SlloHl ol-g-^- ^ o]tt\. 

. c-l^-cl, 51^-^ ^-s. ^ AlclEo^ Jg^}-^, ^ ^-a> %~jr S.^±S. ^-4/^1* =r 3X^. ^Hf^, 51%* 
S^<HlAi£l ol-g-^ ^ oj^ .^ofl H fl^i^ atg^l, ^17> -f-^tb %3. ^€ a)o!e ^ ^> 

^«j" S'S (^-^f Al^^uZl- HfAl- 2.H Al^^^ ^Aj§ ^ ttl-31-Ai, -^^7> ^*>31 ^<=1 ^JL ^ 

>!#Sj|0l ^Ol -^321-^ ^-g- T^il-^Ol ^7> ^Aj^ ^ ^Cf. 



Aj-71 JL.3q.fe- ^S. a>^ ^a>^ %s_ Alolesi ol-g-cil Sit!: ^14. ^. %51 %S7> -f^tb ^ A J-5.S =r 

SiS^- ^ <aA>^- 5Efe ^121 ^-3^^-01 ^ AlolE*] ^ofl o^Sfl ^VAl-^Cl-. Hl-Sl-A^ ^-31- SH-HlAi -f^tt ^1 "?1 

* oil- ^ cl^-oi, 21^-01 ^^1 ^ yes. a) 01 E£i ^^r^* %%°) 

, *A> S.^oflAi21 -f^t!- ^19J# S?b =r 7l?l ^(roughened surface) <i 51tb ^>^T *7,> ^ o.S.fe Aj- 

71 JL.4» <iW>7l cH^^. £tt, ^-^ #€ ^1 93-158033 Jlfe <*\^ tl^Q}*] ^^$1 °d 

A>El<^ Alo]^. ^ 71^^ ^^>5l31, ^lfi ^VA> ^-Ol 7i?l ^EflS) ^rAj^oH ojsfl aV^s]^ %o) 

Bflolofl Ol^-Slfe 6HP§ ^i*3flOl ^1# 7flAl§>J7 oj^ 



ZLSI^, Aj-7) c^l-5lH<Hl °l-§-5lfe ^ ^r^<Hl 5l?t S^isl- BVeflS. f^iL£l afl^^B] mV^u)-7>fe 

folnl. ( &^±S. f fe-«[20th Liquid - Crystal Discussion Lecture Vol. 3 G510, £1^ cfl«h -^-^1 ^ (Uchida) 
- ^H^i -ttS (regular reflection) ^Ihfr S)a.S ^"fe ^fl- M-Ej^^. nfEjA-l, a^ ^^^^01 

^^(^2]) H j-% k<:> fl cfl«fl 3711 ^A}^1 tq^l-^oloil 14^ o_s. ol^-sl7l7l- <^ ^ cf. n)-^, nl^il-ellol 

fe u 0 v % t0 1l7.-l <Hw?fl ^cf. JL^°]]S. ^^}5L, 71^1 ^EflSl H>A>#ofl Sit!: ^^:* ^j-S)-^, ^>A> SH^AiSl 
U-V^l %21 «S=ol Zj-4i5lH.S. *a> °£i nl^l-51101^7171- 1-Hl^- ^ ^^K&^ISID 96 DIGEST pp. 149- 
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152]). ^lsltb ^31 ^EflSl AVfJ- >£A r ^"HH^ ^ ££ JEH^o} £aW ^^j^ ^ 

Sfl ^1711- *.&7> ^4. ^4 o^^Ai .g^S]^ ^7lif i£A r £5^1 -SL^S)^ ^7} Q 



^ ££7} A^jg ^ °X^. ££»J^,a}^ «1SH #3. ^ ^Heo} jg^. J,s.«.^. o].g.^ s^o} 

3 ^ 5fl**. 



«■ *3 ^ °1^£- 5^34 3r£§H 7l#^ 4*3 ft *e]H1 cfltb *7l **fl«; ^AiMMH ol«fl€ 3 



igj-tgofl OfS- >£A r *g _ ^32}-^ ;£-§- «B^§ C^Sijflpl ^^g^^- a**fe ^^S.^]o) s|)Vg; Aj. 7 j 

^3 ^1-51H ^S] SHv 0 l*3 ^ofl ^-./^-^ ^ ojfe «m o^o} 2***1; 7>* e^tb ^^-i 71 

*3fSl 0.20 <>1*?1 ^* *Sfl ^^$Bllol jfl^S] tifl^^(Alql^ ^-nfl^ofl 7 >^ ^ 

^t!: 71^2)- SI ^>ol7> 0.15 °ls}ql ifi* aH e. ^ #3. ig^. Alo^S] ufl^^ofl uflx]^ «£A r ^ 

2**E|; Aj-71 #3. ig^. A]o] ^ ^ =§*^-g- *jI, *S ^^8- *S Alol E 

^S^^l tfl«|| 30 tfl*l 48° SI ^44*1 2***H tfl^>^>ji Aj. 7 i 2***13.^ c]^i#5llol ^^S] a] <U ^ 
9£S fl*>** ^M7l7l $0% ^l^slJL, *7l s§^* Alois ^^ofl cflsfl 10° <>1§>S1 J3A>ZJ-o.S ^A>^ A] 
«1 e >§^^ sg^Sj f-^^^o] a]o1e 3g!gS) €^^21 ^-.^^a}2l lOHfl o^ol ^q.. ^ 1 i_fl ^1 3^ op^§ 

clil-Sll-:"! **1S1 oflfl- M-Ej-vflcl-. £ ! tfl^l 3°flAi, L^gr ^^8 cl^l-sflol ifl^olJl, 11^ %S. ^€ ^01^0137, A1 
A>^o1ji ( A2 ^ A3£ ^^^lal, 81^8: #c>H, 91 ^ 93^: 2***1^1^. 



3<>ii £^i^ H >5i- ^i, ci^-g-jifloi no]s_ ^ 7i^(4i ^ 42)»ii sisti 

^(71)* *«11 ^(70)^1: n^-el-A-1, ^s. a|o1e(h)o1 uil^oi ^ofl oj A>€ ^ -aj^ofl 3^ 2 ^ 

^^11^^^. 



Stb, *7l ^^-^Sl ^-Sfl3?<?} ^ ^^Sl ufll ^Efl* 71^ «H TN STN ufl<S$ ^ 

. HAN OCB ^4 ^ Blt-Bl^ SE^ all-^^l^l ^ ^, 7)1 ;i S - Jl^S (guest -host) ^-1, 7 o v ^^ 

S^-tbcl-. ^^£1 « 0 Vai o_ SA -l ^^-.(actlve) nfle^^ bJ-aI ^ ( passive ) pflegjA ^-^ r 

^-g-% v ^ ^. S 1 vfl^l 3-Hl £Al^ v\sH- «aSbal € 71^(41 ^ 42) *2l Ml 

741 ^^"(51 52)* *fl-^§-€t1-. 



^Sl -i 71^-AS.Ai ^-e] 71 « ^1 7l#4 Q± ^ 71^ ^ ojrf. s.^1, nl^ailolS] ^ 

SI ^ofl>| Jg-^VA^ ( lsotropic ) ^12€ 71^-* A>-g-sl-fe 3°1 «}%a)«>^. ^5. ^ q^#5flol ^ 

7fl ^7.1^1^ ^oflAl ^AI) -B-Bl^ofl cflsfl ^^-g- M-EHflir BlU-ttBl^ -frS|*3t ^ 7) ^ A r ^-§> 

^Ol y >^3l^c|. ^Al?Jcl.^ ^oflA-1 ^1 71^* A>-g-^ ^}ol H >^-2)^.Cl-. ^ 71^-Sl ^M|if S^§1 
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#4. A]-ol«Hl c>l s-Tfl tb^fe- ft^ofl^ H^-S-S. lOxan 5mm, 50*an ^*1 2mm, ^ ^] 100/zm Ml*l 



nfl, ^ *>M-^ a^fl 71 ^ # SEfe- 1- ol^-S] ^tb 7l^$ #<>1 ^1^€ ^ ^t)-. oleltb 

71^ #S1 ofl-b ^21 ufll* 3tb ^a>^ Si € (rubbed) **.3. «fl<l£ ^.a 3)1 <>1 -J ^ 

€^1 l-§- S^tbth St!-, «fl<I« ^#(61 H 62) ^ ^^^.3. £ 1 3°H £^13 u>i|. ^-c-1 f-^ 3^(51 ^ 
52)»11 £^13*1 ^ «Ei*r <a*^^S. ^ 71^(41 ^ 42)21 *r*% 3^(51 ^ 52)21 Aj-g-*}^ 



«^ Tj^n*] ^Sr, S. 1 vfl*l 3°fl £o] i}x^<£\ f£irt <>1^21 aj^-f}- ^S- 

s-cvj -a)^^ ^ 7 >^ ^^(21 ^ 22), aH#(31 32), # ^-AV #(13) #-g- fl-fr* ^ #4. •€ 

^ sfi^ °l-g-?b cl^«eil°l21 ^ -§r3 *H^£^. fl-* *H*8r ^2} ^^3. °l?b ^^M* 3«11 Ji^ 
^} 2}tb ^ *^51 7B^d2l ^^°_3- % %21 3^<H1 21t!: cl^#BH^l ^^21 fi)-tfl 

, #3. ^ a}^ ^ a}<§ ^^"21 ^SHI 21*!: *1S21 q% rl^a-eflol ^°\}*\ 21 ^-3^ #°1 



^2121 s-ftb *l)tb &*1 ^l-zl-21 ^th* A >-§"* ^ 3L£21 1-21 S)^>S °Jtt -f^r 

tb cfla^21 q^#Slloll. ^^*Vcf^ 7^ ^-x> <H)« *<H »2l«l^ «&# ^A 1 ^ 

^5l«l^ <£s. ^s. £ ^ s-^1 tal^S].^ °im^-Wl^ ^HlEflole ^^v^)i ^s.oH Ai c 2^^ 

5b^r <a^l€(drawn) ^^^21 ^-g-*>^ ^^1 a>^i^- ^ <%t\. SE^r, ^ Efl 21 

^-§-2) tb^^- Zl-Zl-21 ^ofl f-^ ^ ^^Eflo^ ^^-^S.321. ^5g%^£7}^^- 



^-'g ^.Jl #21 71^12) ifl-Jt; Itt^. ^r* ^ ^ 1*1 ^>-§-*>^ «'<>1 - 

oleltb «^-21 oflfe.-^'s*. <4» <>-H]Tfl«m *r^l.- l-el^li^s ^1; «el°fl.#^-.#^ -4^1, ^el^vll 
o] S ^1, ^BMnlJE ^1, #HlolnlH ^1, #5)^-^1* 4^1, ^>3* ^1, *e|oflEfla ^1, #Blti|<d #^Hl-olH 
^1, l-Bl^^^l ^1, iL = iLidl ^ l-^-JL^m ^1; <I^^ 5E^r ^>2l^ ^1, ^l* 1-<H <^>3^ ^ 

^1, ^1, »>3^ ^1, ^1, ^51-=- ^1 1* a^-^. ^rg j^jr ^o. « o VAl ofl Sl^fl ^# 

^^Tiq- s)^- ^-AHl 21=11 ^*M1 ^^IIS.^ ^l-g-€ ^ $i^b. 



Al-§-5l^ ^^*, ^-^1 Alo]i ^^-*#, Alolol 21^-Sl SbA>ofl J2^«fl HL^Sjfe ^-ir ^l«>7l ^Sfl «1^^ *i5l 5E 

^ t^HM ^el§Vofl l- ^ 5Jc^. ni^fl i-^-z) ^2^21 h^2| ^^o^i ^sfl hi^^- ^el« Si^. 

^el<HlA^ n]Ai| H 51 # (prismatic) ^51^1 S^^- ^^s>7l ^ ?b ^Hftb ^A^l ^>-§-€ =r 51^. °l5ltb ^21 <^1 
if Tl^Tfl ojll- 1-<H 4HH!-el->i*g (sandblasting) <$3.^ 1; -f-'S ^^(^1: ^2l7> °J 

*» ^ ^-t i«-tb^. t>A> ^ ^7] 1^ ^^Al^l^ u 0 ^°fl 2lSfl ^ 

Cr=7fl^, «1^# ^el £^ aJ;A> ig-jq ^51^ n]Aj| ae)# ^2:21 ^21- ^TlM- ^ ^g#* 

^^17)^ ^-Alo)! - ojd-. atb, i 1 Ml^l 3-H1 £^1€ «>2f ^-ol 27fl2l ®%#°] ^^§^21 ^ ^Hf<H) 
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3# *H*£ ^ aifl-* *§*M ^ Sic)-. aj*>tt #;g5i +y ils. ## °fl-t- #<>i 

i# se^ 2# ^±s. »m #^i5i ^aui^ o.^.*] ##;g «i3 

#-% v *ll, <** #°1 «J|3 #^ v *ll SE# cl^a^(dlscotic) «?3 #^-*l|51 ^#;.^ #^ 7] *fl (base) #^ 

ofl ^Sfl ^1^1^ Ufl<S^ ^#5} Hfll^ ## S^th*. 7>-S ^#*J 7>1 ^#^3 #*ll ##-°-3. 2: 

^€ 5l# #^1 i«r ##«} =r 5a^. -E 1 3°fl 3# *>«>1*(31 32)# ^-S^l 4^ 

a]o]# ^%*(21)4 #o]ofl ^/Stt Hfl^^ «-4(22)4 ^^€4 0 )i °J^-£.S. «11*1€^. ^ # 

ofl ^ a o v 7 i *W£1 3# *W #-2-3*1 3^ v € 4* 31 # *W*£ ^ #3 #«1 #*j# 

#3 °-3- 2% ojAj-^ aj^s. ^aj € ^ OJc).. 



% ## #7l «1^# #5} #25}- #*>tb = 5}# #25} Sl# #, *1^lS ## 

°1#£>: #*H1 2)m *l|#€ # £ 1 ^ 3<H1 £*1€ % ^-av #(i 3 )#, #ig <y*}-# fl^fft ^# #o_^ 3 

•^=H Si^. * #(13)# £tb ^%#(22)4 $1# a>o1^(32)# A-js. ^thAl?l7l fl* %-±3.*\ 3-fr<H. ¥ 
^15) #4i7} #7l #5] ^^ofl q*t& (tackiness agent) 7> A>#^ # ^^Wlfe 7l ;*fl #*1 

. Jfl|3>1 ji-sf #^31. - «Hlt|e #tMI. ^3^- .fsHi^S #^*H. *e1+5im # 

^Ml, #^1, l-e1*HH ^1 #51 aj^-ti #^11- tf-frfttK 



^3. ^1^-3^*1:51 itlif # 1 &*111- 7li QWSSl. 

0.5 Ml^l 20^m°lJI ^7] =r Si^ €el?>, ^\^°}. ^lS.S^*>, ^ -S:^-*. -ttfl-i-. ^>H 

# *>3].#, °JrElaM *V^# #51 #71 *J4, ^ 7K2.;g^£ 1 7 1l 4 7 >i2.^^-E)^ ^# #^51 #>1 <yx> #o.S. o]^^ 
^1 5-^.5#Bl ^^711 *i^^ 1# £^ 2#51 li(member)7} a>#^ ^ ^tj.. 



^^#^1 0 1 «fl^l^ 2^^1# #2l(^#) SH^1A151 ^-A>^ -#4^ ^# cl^Bflo] ^11- 

2^^>7) ^1*!: %£L3.*\ ol#S)^. %o] c^#31o| jfl^tf] oja^cs. Xl^gt)-. tr)-^, # 7 | 

^^5] Ufl^#ofl Ufl^^ AlOlE^ 2:^^ A>#^" Hfl . ti) ^ ^^#5)10] ^ 51 #^ ^ ^<H|>1 S| ?}i7} 

#fl€ 9X^. #71 2^#A1SA-1 ^}^tb a*3*l>> *>#€ ^ Sl^.. H>^^>7fl A>#sl# 2^#^1'51 °ll# (v| a 
# ^)#^" »«. e# ^ £# 3 l^ t 13..Hll < a€:^. : a-«5l ^.eflol, ^ 

#«^.S.#Bl Aj^ £#^;# #t!r -a^ #€51 #o. s ■a^^- ^§-A)7l7l ^ #-fi4 Ai^ £#^51 i 



£ 1 ^ £ 2<H1 £a]^ b>5> ^-o] «>uf5l 2^#^1(91)^ ^^#Bflol afl^(L)51 ^<>fl «B^1* =r Sl^M-. S. 3 
ofl £A]^ ti>£> #o) 2:^#^ (91 -gj 93)^ ^ c1i'*B|ol 3fl^(L)Sl # «1#51 ^ofl hB^)* ^ ^t)-. 2«g#^7> 
cf^rSI ^<^1 up)! n|, cf-^5] ^# £ 3^1 £*1^ h>5> go] *]3.o)} cflgfl HVcfl^ ^5] a^S^ ^fl#€ ^ SlTlM-. 
A|S ja^H>^ ^5] 2:^S.Ai ^]#^ ^ flcK St!-, ^51 2^51 Al#»1] 51«fl ^ <>l#5l ^5J 2^ 



2^#*1^ ^#% *H #^1- S.H<HlAi tq^#^ol #*15) a|o]# 7>#^>7fl tt^. ^^#^lol #^)7> #4-^ 

A> «1# ^Efl5] °-fl^§ Cl^Bflol #^lSAi Cl^#^lol #*171- ^oflAi 5) ^ofl ^ gfl A]Ol^ 

ufl ^ o_ 7 > ^1££ 2^#^1# ^#/i#€ ^ 2^#^1# ^#/rt#^>7l ^tb #A^1 *}#^ ^ 
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Sit*. ^HflSl ^A 1 ^ °J33 %°] a>-|-^> ^4. a*b, S^^l^ *H ^ ^ cJ-Aij ^ ^Efloj - oj^ 



£ 1 MM 3<H1 £A]£ a>4 3:^^1(91 ^ 93)^- ^ ^.2. "HI ^ ^ *S\*§ ^+s.?)]o] Hfl^(L)^ 

°1#7) 2^^1f a3«Hr ^>^( 92 ) ^2)- JeLS =^-nl-2l S^-^lS. =r '^4. 

S/H. H 1VA>^£1 =4* 3- if ^1 A]o]E, AlolE_ ^^-£1 AlO] SS l- ^ 2)*V^- H J-A> AjolES- Af-§-*V 

^^1-71 ^t!" Jl^ ^T&JlSA-l A>-§-^ ^ OJC1-. 



#3. ^ Alols^ §1-7121 sl^o_ g_ t^^S-^o] ifl^2l Hfl^^(Alo]^ Stcfl^oll «11^1€^. ^, %S. Alol 
S^f, £ 1 oil SftiS W>51- ^1 ^ Cli«5flOl 3|)\t(L)Sl tb «fl^l« 2:^^1(91)S.^-B121 ^ 

^ ^4%(a)Sl %S. ^(Al)# f-*fl -*7l ^^(L)Sl Alol^o^ ^.4 S-E.^^ 21 2:^ # 

(cl^l-eflol %)±S-*\ ol-§-?M}. ^?t, ^"S. AlolE^ ^tg^i( 91 )21 ^^-Efl^A-1 <3j;§ d^-g^ol nfl^ 
(L)S1 Aloiq-ofl 21%(^)# ojAl-Al^lji, 0} <QA}%^ (A2 5£ir A3) ^ ^A> ^(81)<i 2l«fl ^ ^ *a>a1t1 

«]:A> £.h<>I1a121 2^ ^-(clil-efl^ *.S.Ai c-l-g-t!:^. ^7) ^-a}^ ^ Alo^dD^ £ ! i^xl 

3°fl SAl€ ^(Al) ^ ^^^(A2 ^ A3)-§r SH^^r. a>^( A 1)^ (91 ^ 93)3^21 -yA^ 

(*)-§- i^21 ^A>Al ^ <fi«-Al ? ]cl-.'3g^ (A 2 ^ A3)^ <yAl- 2l%(/9)* 



%S Alole^ ^^tt ti-A>/^-4 s-a^si ol^, s-si ,a>Al- ^ ^-21.21 ^DHoflA^ -f^r^ 
^s.§>7l ^1 Sfl *)l^c}-. ^, AHEi= Alole ^^ofl cflgfl 30 vflxl 48° 21 ^A^o^s. oJa> igofl nfl^ 

^ a'S^lil ufl'SSl tS°11 nfl^l-^ ^-s. A>^(A1)4. Alois sgigofl cflt!- f-^^^ol ^ v 7l ^ ^>^(A1 
)!L^ 10«11 *1§>7> Alois ^^ofl cflgfl 10 ° ol§>21 ^A>zl-o. S ^a>^1 sg^^(A2 ^ A3) ±3, °}*r°]Z}. A^r 

51 ^(A)# ^S. ^€«r AlolHSAl ^a^c). s.^, aj- 7 , tiM}/^ sa^oi ^-^oflA^ %s. ^ aH 

H7>, =3l# iii S^slJl A>^(A1)^15. ol^^ cf^2| %3_ ^ ^^(A)* #1= $o) n}^^. 



I?. 4a vflj?l £ 4glr, %S S«--A>^Sl- .-3§^^: ^aL ^1-5.21^ ^2:^ %S =r.^(A) 51 H 

* M-El-\flnl-. £ 4a i^*l £ 4e<>1lAi, ^"S ^ ^^(A)-^ ^ ^^^1 -g^o}^. £ 4f ifl^l £ 4g<>l)Ai 

, #3. ^ ^^(A)^ Aj-zj-^olcl-. £ 4a ollA-l, ^s. *$.& ^r&(A)£r ^ 271)21 %S 

^>^(A1) ^ ^^(A3)S1 ^>1^^ #^-1- S- 4b<HlA-l, ^#(A)£t 4"^- %S A>^(A1), Al 

°1S. sg^oH cfltb ^A>zl-ol A>^(A1)2] ^A>2l-srl- # ^-Al-^(A2). ^ W^AS)* £ 4c^)Ai, 4^21 % 

3- ^ -r^CA)^ a-IS. «a^r£lH °J^s>£^- X\o]S. ^^21 ^ ^fl 3.^°]} ^^^1^ ^^"y ^2^^ ^ll^slil, #S 

^^:(A)^r zfaq- ^-3. ^(Al), ^ a^Ie jg^^ nfl^- ojA>zl-ol x>^(Al)21 °J ^^-^ ^^(A 
2)# ^fe-cl-. £ 4d ^ £ 4e^lAl tVAl- #(81)£ £ 4b-^l ^} ^ ^^(A3) i 4c<>11 £A^ 3gi&^(A2) °fl ^ 
£ 4f°1lAi, ^(A)^r ^ #^(l-7l)S °1^Ha} £ 4g*>flAi ^-S <S«r ^(A)^r ^^l" 

^^(#)S ol Sl^. 



t^Bl-A-1, zl-q- ^^tV a>2l- ^-ol ^oj ft ^ ^.oj^j. ^a>z^2] Xy^S. <=>W^ ±^ # 

-ti-JfS. ^^J* ^ ^cl-. cl-2.711^, %5- ^ %3- a>^ % ^ ^A>zl-ol Aj-ol^j. 

A>^ol ^s\o] ol^ol^ ^ Mr^Sr^S. ^ AA$\ ^Efl^ <y A> ^ ^ ^ 

AH tc}-e)- aj^«)-7|l =r SJ^. A>^£) 7l^ ^ol ^Al7l7l t!: Ml ^<S ^ 7l ^ (mar - proofness) # 7flA d Al ? 14 



# 71)^*1 ^-2001-0062771 

SL^S. °]^o]$_ ^ ^2) %5L ^r^l Ml«B ^tNl, H «l-fi- 



f-^- S.H°1H -f^tb 3^3 si^si «3«1H. #3. ifi* ^3(A1)£- ^ ^*>fe °J A > tfl 

%ts>£^- Wt,&Wi\7} ^ ^^i-Bfloi ^ si 1- oi-y-s] ^ofl uraism 1- oi^tf| <yA> ^.g. ^ 3 

-f, °J^> ^2} =7^ 3*H a o v ^"5>^ 3-3. ^ *}3(Al)-fr ?fe %3 ^€ Ajo]^ A^sfe %o) ^ £ ft 

, £ 3<Hl £*1€ h}2> ^o] ^^^1(91 ^ 93)71- °>)^ t)>!#^|ol Jfl\i(L)Sl 27112] Stcfl^ ^ofl ^-f, £ 

4a°fl «>S}- ^o] ij^ol ^3-° 3. #2^91 %S. ^(A)-§- ^Md*Hr 2^2} #3 a>^(A1 

)* ^ #3 ^ A l°l3.(ll), Sl^ £4f?! 4g<Hl £*1€ zl-o] cj-^o] ^^3} o_g_ ^^o] ^ ^ 
(A)-§- ^3*Hr 2^21 #3 A>^(A1)<H1 2lSfl ^21 «*JA> 3gq^ 3-3. ^§ a)o1e (11 )s. a > 



a-TJ**|7>^^ ^-t^H 3^21271)21 °i^t!- 2*1- ^°fi «fl^sl^ %s. ^^(AiH 21^ 

°1 27fl2l ZL*} ^«1) z^ jgq*).^ ^ofl jq-zj. ^-g-S>^ #3 A>^(A1)* ^ #3 ifl* A l°l3(Al)l- *>*<J- 
#3||3 ol^^l #3. ifl* *}^(A1)# 5^ %S. 3(11)1- AV-g-S}^ ^o] H>^-zj^. 



^-71 -Ji^-tb #3 <S«-^i(Al)£r 2^*13^21 «yA> ^^A-12) <yA>% ^ 2:^^13.^21 ^oflA^ ^ 

(A1)21 ^A>** «A>Al^ t %21 »S* ^SrAl7lJI tl^S^o] sfl^2] Aloj^.^ ^ ^^t}. o]a)« a] 
<^1S ^g^oJI rfl* *S ^(A1)21 ^A>zl-^- 21-21- 30 ^a) 48° a AjiM^- nfl, ^^1(91)3.^21 ^ ^Al-% 
EEtt f-4%(«)51 %-S.7> 2. 1<H1 ^Ai ^tlS «>2> z>ol -f^tb ^aj_o S ^^-E|<H Alois 3|^ofl 

cflSH #^r*l ^eH^I Hh*^ 6 l ^^r* *r Si^". ^ W«>1 30° «RV9J ^-f, St 

^^•21 ^-S.^ 'S-^cJ- -a^^J^S. 30° 27l| ol^^cj.. nJ-Bl-AI, *a>^ 3:431^3. ci^l-siloHl ol-g-*h 
7]7> <H^-fS.3. ^-4 £5^15] ?1£7> l-2l«flAiq-. ^A>zJ-o] 48° JsLt} 3. ^-f, OjA>^- : ¥-4^21 

^> 2^ol ^^^Al ^ 5Jlt|.. nl-el-A-1, % S A>^^3.^-El #E1^ ^7>*>7l nfl^ofl ^ <y A >%2l o]* 



^^<»1 ^S-.*S.:°*ft^^.¥* 5" U ^21 ^^(SneU-s law)^.^.^.^ 71^.-2.3. «r.^^ ^ 

±$*to] ^o\] ^21 ^*A> !§~£ JLB\^$r #3. ^(Al)2] ^A>z}-^. ti>%-^§>7)lfe zl" 

zj- 35 i-flAl 46° , Jit^ a>%3)*>7fl^- 38 vflAl 45° , y>^-3)*>7ll^- 40 vfl^l 44° °1^-. 5E«r, -fral^Sl ^S>7-> 2 
^i^r < a«-2j^.S. 42° -oltj-. ol ^ «a^>^ °dA>^-ol ±42° a Aj-Efl^ ^.3).^^. ^-o> A}^d\] 

OjA>^7ll €Ph 



21^-21 °Ja} jf^., ^ ^a> ^(81)<H1 21*11 hVa>^ ojApg-o] ^.2)- j?-s-o.s ^--8-*h«H 2^^121 ±& <$n°$*\ 

21%# *>l-g-«F<H *a> E£i>H ^^#3H°11- 7>^*>7ll *S (n)6j|>) ( ojA> 21%* 7>^-2} *§t£ ^ 

■$3-3. ^M7l^- ^oflT-i ^<£^(A2 % A3 ^)21 ^Al-zj-^- a^e jgigofl nflsfl z]-^ 10 ° <>l*>a 

^*>^. ^>%21 ^ ^^21 ^oflA-1 H>^-a)«- ^^t^^r 8° °)*}, 5° «>1*>, Hi* ^-*1 3° ^Wo. 
3. ^gA>^ 3§^(A2)c-l7m, fit 0° 2) ^A>q-^S. ^7->^l 3S^(A3)olt*. 



A o v 7l 3-f . ^.^ ^r^r(A)°l ^=12. A-ls °J^5>jl, %£ ^ ^cf(A) 0 l S. 4c Tfi 4e°11 £a)^ h>2> zJ-o) 



?7fl^*l ^-2001-0062771 



^(A2)3 3)44 4°13 4-SL *Wfe u^ai^l^ 5" o]^ ^4 u}^^^ 4° ol§} ( t-]^ 4%447flfe 3° o] 
*\°}JL, 91% WS(A2)2] ^a>2^ a>c»1^ ^>o]7l- y>^-3]«l-7fl^ 1° o]*} r 0 . 3° <>14. 3* a>^-2} 

47flfe 0. 1° °14°14. °)slt!- Hfl'g^- £H«ll*i ^ ^l^H 33 Al^l ^ e^ofl 

33 a)oj ^^(A2), **| <?1^ a>°M4£| »£43. ^l«fl 3711 SI^tt 4* ^1*>71 3* ^-^ 

°14. 



$\%2) <yA> ^ >lvai-#°i ^ j^oj «4 J2j=°14si H£ ^-i-^M* 3*11 

, Alois 3§^5i jg^ig ^<3^aM Ajoie 3§^sl #s ig^. A^(A1) ^-"3^3 <£| loufl o]^ «|-*| 12*11 pi* 
15«fl 4eM, E4b$ 4d°fl £Al^ £0] 3^ Jg^°.3.4 avJg-s]. 

4 Sfe #a>^(A2)* «-fr*H? 4=^3 #3. Si* ^r^(A)Sl ^-A}^ ( A 2) 3 4£# 44 35° *14. **| 50° 

^-4 «r*l 60° <a«!|*M 3|^(A3) 443 ^-i- y«l =r 5Utt %°] 4*eM*l-4. 3#tt 4 

*8*iS£ 44 ^ °JA>^ 3^.3. S>A>a1?1j1 mVc})^ ^-§- *«fl tt4#-i- Ji^o.^. ^4^31 -fM4<^ ^4 

££«*^ ^ ^^l-Bflol^ 3g^^ A -l 7>-g-2j ^<aS>7fl ^Al^cl-. 



£ 5, 6 * 7°fl ^1a1« 4^3., 43 Jg*iS-&?Hr 3-3.. IS* ^(A)^ H>&3^.3, 43 ifiS- 44(A 

)S1 ^-Ajol 2Hg^l(91)7> t^Ha «q^S cl^l-eflol sie^(L)£l °jA> ^ofl 3g^§>^4 SEfe- #*}*\S.*t, %s. a] 
omsi ^11- 4^1*1 ^3jSl ift^. $^€4. c>la1«: 43 ^r^(A)^: £ 5 ^ 6<H1 £Al^ a}^ ^> 

«>1 *S A|olE 3 m-TQ-jO^El 4fa ^o.S oj^^s. ^a^^ ^ oj^q. c 7 ofl ca)^ ^s). ^-o] 

laj SE^r l-<a^3l o^s %Aj^ ^ ojc). ^-s ^(A)^ #£^3 -° S^^fe ^"f, f"4%^ <?Ja> 5l-§-, 
*S S^- ^Sl ^°llAi, ^ 1-71S ol^^l =e)^ ^-2:51 ^o] 7 > SJA> ^ ^2.3. ^ 

ol3 5«fl ol A o Vo l 3*1 U HW>4. SE^-, iflli^ ^^#^1^1 ^H^^HlAi ^^S>711 ^Al?!^. ^ 

°|Ai, zjois. uj-^i^Tfl^ 500jMD c,]^ ticj- H>^-a)'«»ll^ 10 i-fl^l 480m o)^- H>^^7llfe 50 ifl^l 450^mS Ai^ 



4^21 %S -r^J-(A)2l ^ ^Aj- ^ ^(A)2] ^ %Aj-ofl 5l«B *V^^ ^S a>^(A1)S1 ^4 sl^Kpit 
ch)^r ^-*H^J?-3. 7HlfrS]*l A>^(Al)ol ^-4(^1-) S.^«flAiSl fl£ i<a«>l7l nflS<>ll ^-4 -S. 

H ^ Sl%-a-.°l-8-*Hr *A> ££ 2.^-oflA-l 5^^^ cl^-S-Sflol ±3^0] W ^ ^ojAJ =ofl O}-^ ^^*1 ^ ^ 



tq-el-Al, a>^(ai £^ A2)£l ^A}zi- f ^Aj- -01 A|oissi ^Sfl S^ofiAi ^°J^q- «t«H ^«:<H1 3sfl 

%Ol ^Aj£]7m- ^4%0l #^5}^ ^ofl Cfl^*>Jl Sfl^Sl cl^Bllol AlH^Aj-ofl ^Oj^ ^-%A^ ^.2}^.^, £ 8 <>fl 

£A|^ 4^ ^-ol, ^ o.S-¥-Bl #3. ^^^^r^- ^ ^^(A)S| ^A>zJ-, ^AJ- ^ ^^»| *v 

°i4. 4=r3 *S i r'a-(A)# £ 8«H Ha)^ ^-ol fl-^ajo] ^ £j Hfl ^i^- ^ ojq q-a^l^ 

, £ 9°11 £Al^ ^-ol cf^si %s ^(A)^§t t^lS afl^lAl^, °jA> ^ %S 

(A)* ^<H^l7fl S>^Ai 3)^11- A-lA^l §^ %S ^(A)2| &i fe« ^ Si 4. 43.711^, Sl^ll- ^ tb 

3<lAla ^|^*H, 2im21 q^»^l<>l i3?l<HlAi51 ^<a*>7fl «- ^ $14. £ 8 $ 9-H1A1, <y>V ^Aj-ofl 

Ai °JA>^-S1 Jfaj. ***i+^Vlt|-. 



StA> *S A>^(Al)ol ?!]^^£l Sj-iS}- #^sl^ ^-f . nl^seflol ^-oj JfLnf ^-a^s ^a>o£^&|^ 

c|^#allol7> «a<H^ ^ Sa^. ^>«i»l* ^^l-5ll 0 l >?WRr %^°1]a-1, ^ 7>?3l 

(A2 Sfe A3)# 3^-4#<- ^-Ji*>fe- ^J°l «>%^W. ol-Nft ^^^1a1 S^sfl # nfl, ^^^i°| S^i 
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100 Ml*] 300wn^lH, #3. Si^l^Al) ^* ^ofl cflft °1 S] -f-^^-<Hl e^*>^ h>% 

z) §H1 40*an °lS>, «>%^«1-7flfe 3 M)*l 20m 3$- B>^-ZJ *>7fl 5 MM 15^7> sqa-^- -S^ftch aft, A J-7l 
"d^g-* f-^^-a- ^%*2| ^o]7l- H>&aj o.S. ^ 20/m^.S. s)^ nfl^-ofl c^^o] ^*>^fe- 



#3. Si* A>^(A1)2^ ^ ^V^ol-s ^o] 4%*)^. nelM-, Aj- 7 1 7l#£ al-tfl 

3., #3. Si* A r ^(Al)£: aft S.J=«HH ^ 0 J A >%2] Si*A)?l ^^±S. 7)^3 

Jf^S *K3«1 ^q-^lTfl ^ S^o] #,fcsH xz\±^o}7} *f-x}#^ 

=r 5U^-. °1* jL3<H. *S Si* a>^(A1)S1 ft4 «>^^Hfe 5 mm °l*r, h>^*> 

Tfl^r 20/zm vfl^l 3mm, «>^s>7fl^ 50/M Ml*l 2mS. ^ftc)-. 



aft, *S Si* ft4^"?l T^S. ol^o^fa. . ^-S^ Si* A}ol3 *A^ nfl-&°fl 

^ (moire) 7> <£a)\£ ^ SJcJ-. ft**- 5£j*lt- 2^*^ ^» ^ fl*]^ «J- 

4 ^S«y ae]# ^3 3)*H- Aj- 7l *fltHHr- %o] b>^«|-4. ^7l <3-g-* *]*1 # 

« ^7} ^*>fe 3-f-# #^Rr 3°1 Sfl^Sfl*> * ^Ol4. £ ^oflAi, ^ S7 > j^ofl tflsfl 

-§-*Hr H>*^*h^. °) 0 J^> cflft ^lM-^lTfl 3. A>^(A1)<H] Sj«B ftA>Al 

°J<>lV+tr. £^±3., ^^a]?]^ ^o,^ 3. #*} 7 } s$i\x%, o]^# a. ^^'t\±^o)S\ 

71^ ^%tol a nelHS, <gA> ^ofl cflft ^3 ^a>z]-^ a>^i§>7fl^ ±30° , Jipr u>^*h?H^ ±25° 

a €^fttr. aft, 7i a •• ±- fe- &JL3. °Ja> ^4*1 <a^> ^njftcf. ^^-gai ^£7} i-^ ^ 



*S ifl* AlolS^ 2^^1S] 4^ ^Ml^ ajfttb Ir^S =r ^^r. aft, 7>a1^ ^ 

^oflAi A>-g-^ #^21 oflSfc. ^ ^.JL -B-5] g-21 7l#lfl-§-o1lA-l oflAl^ B>nfl.S.o] ^*V^| S ^ ^ ^ ^] 7 > ^c^V 

€q-. M-Hr^^l a^r 71S1 q-E|.u||^ *S «* a]o1e^. A>-§-S|-^ 

#0] n}^t\t\-. aft, ^1^ ftAfs. flj(^ii*|-sr«ii aflsr<H-m^a^ ^Axm^ft^r Sl^ *si ^21 £W 

^oflAi, 7^m ft^>» ^^ll*>a^- *S A)olE^|. ^ft SS^-S 7]* A>C»1^ ^o^} 0.15 <^1*>, ^ 

«1 0.10 ol S>, ^.c^ 0.05 <>1*1-^1 *S Si* a1o]es ^AjAl?l^ ^jo] 



Si* Alo]E^ ^AV^jlf ^ q%r$r ^V^ofl O^^fl^ ^AJ^ ^ OJ4 oj=^ tf| ^ ofl ^ ti>^ ft ^2: u o V ^2l o| 

S-^r, «g7>dt^ 71-1 °11 S1311 i^Sl Si^ (mold)^-S. ^*><H «Af§>^ ^ ; 

rt^21 ^AJ^V - oj^ 3.^^. jT^-g-^- 17>^ ^1 a^r 7><I a^ -g-nflofl ^^A) 7j XB-f 

^ IhSJ; ^1 ^1* ^21 ^Aj-t- ^A^*V ^ O!^ ^oflA-1 ^25}^ a^i afe i^§Sl ^AJ*V ^ OJ^ a.^ 

# -ffifl ^x}3. a^^Hl^-1 7>t. 7V51A] sfe ^j-A>^ofl ^ft7>^ft -R-^fl ^1* ^ft«hfe U-^ ^-<>1 aft 

^ Si* a]o1e^ ^^>7)1 ^ sa^-. ^1 #± ^21 ^oflAl <a*^ *£ Si* *]°]£.2\ 

^7> 300^ <>1*K ticf «>^5l-7fl^ 5 m^l 200^ ^1*>, ^ «>%^«>7fl^- 10 4^1 lOO^anS. Al^S)^ ^o] a}^- 

^!*>cr. aft, i-^ a^ &i ^ t-^s. »ia* si* t^-§- ^1 Aioisofl ^7>§>^ fj-sj °.s. %s. si 
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7\)t£ #A}«\ o^ofl %S. <fi«; ^>^(A1)°11 Cfltt #* ^#*Kr ^% JL* %M>\ %3- Alol EoflA^ 

Sl%3 <QA} Jr^- %tAj._ ^oflAi^ -^A>% ^ Sl# #3 O]^- fl^S. %1=AJ-Al?l^ ^^H, £ 1 vfl^ 3 ofl 

£A]^ al-cfl^., ^av ^ ^ 7^ 7>^* »^l7^ *H 3 ^>°l7> 0.2 °l^r, 0.1 *1*>, .£1} ^-*1 0.05 

^l^-y 3*h #(12)* *«fl tq^s-sflol 3fl^(L)5l ul)^#(A)o2# ^cfl^)<Hl %£- ^«r^l°lHl- ^Al^l^r 3 
o] tt>^«>cl.. c]^ ^-f £ 1 3°fl «>cflS., -f-^ ^ $)% #3 o]^- #3©IM. cH^3 # 

5. #^(A)*1 ^^(^, *1<?}# *tfla )011 3*1 *}S* ^ ^ AlojHl- Hfl^l^l?l^. Q*t #(12) 

* ^1<?1#S1 ^ #(13)3)- -B-A>tb % ^Efl-y ^ ^c}-. 



£ 1 3<H] £^1^ h>$1- ^-ol, ^>A>#(81)^ AlolE(H)£] 5]^, a afl ^^ ( Alol# «^cfl^)ofl Hfl^l^ • 

#* %S ^ %* ^A]-A) ? lJ7 3^A)^ %S. St* AlolE^l -g-O) OjA^^S. ^<*| E 

3f S.H°1H£] *<>l-8- £** ^MM^ffl 5L2}-a) O] C]-. >£A> #£- J£ 3 ofl iA]^ ^ «g$ AlolEdD^] 

s^ofl ^o>f- ^ 5^,4 £ i ^ 2^1 w>£r ^1 %M #71 ^-aj =ofl s^sfl -g-s. ig^ 

^olH(ll)^l ^€ # SM. £ 1 3l 2<1 £^1^ v}Q £o) #(81)* Alols (11) 3 _ ;g g. _ 

«r-^-S^^°fl ^^71^. ^A> 3-3)-7]- %3 ^r#-§r 7]S1 #^*M1 ^1*>J1, A)2t-(j£«) ^ ^ 



nj-aj-A], tVA> #^- ^efl 7l#»fl tq-s. Alois ^ qigii)- f§s§ig ^ W. «>^«: ^1^, 

*, ^2] ^ 3*3il- ^-^ JluV^-i- ^-*S] ^^1 -r^H°ll «"**>^ 31 *# Sfe ^1 HIV^V* 

*2) f-^g- *^-* «-B-^>fe Ul*#; ^1^ #71 ^ ^ E] ^ (sputtering) «o v ^ #4 ** "o 1 " 

^ofl o^gflA-1 ufl^l^ Aj-7) ^-## ^ -e-^^ll 4# €##; €# ^lS^i 7l^fl Ir^ofl 51sll aIx)^ 3)4^ 

43 ^#* S-fe ^l^lH; -3-*^-51 Alois ^-o_5. cl^ol^l jihVaV^^ hVa} #olrl-. 



-& ^<H]^, *Af ^ S^^A^ AIOIAJ^. ^Aj-Al7l^ S-g] ^-^ ^Aj-Al^ #X\- ££ 

oflA-1 AltL^^. %tAj-Al7l^ ^oflA-1, #^ o^gj) al-A}^ %^ ^^71^1 ^^-^^1 0 jA>A)7l^ ^^1 ti>^-aj ^t}. 

AJ-71S). ^-ol ^-AVAl7l^ Sf7l iJJ-iffofl 51«fl A-1 ^ #, olel^ 2) ^ X\o] 

•e s. ail oi. ^i ^ oji . ^ §-ai 7i 7]. # #.av^ ^ a}- ## ?ii ^g>fe. hj-s ; * a.1 -fil S ' 

^)1S« tVA> #^- 51-^ Ig^; AlOl ^- ^-A>^ ^ ^.gfl ^ - ^ofl ^^"Al^ ^ 5a ^ 

. CrS.^1^ 71^711 ^g-S. ^€r^-^^^*^-fe Alois. ^ % ^-A]-^ AlolsoflAi 

^€r- a>^ - *JA^ofl jltMl-* ^11^^ S>A> #^ ^1^.^ ^ OJc^ C)-3711^, % ^-A].^ tij-A} ^( 

81)* £ lofl £A)^ ^-ol ^1^ 4 ojxq. 



% 3K>S a Jr^> #* aj^tt ^»11 Sin^ %s§m ^ 2)^-* ^^31 «4S.fe f ^EH*^^, IS ^el #* o^ 
t!: a^* 71^711 <sKr ^* A}-§-tb ^thft u o v, S 2^r <Q*} %7}^°\) S£\n*\ ££]f €* 
7l*A ## ^l^-S>o^ Jgs. 7 ] 7flS1 o)^ rjL S7> ^ V A> #<HlAi a]-A>S]£S. 7)^ 5fe og 

«-*^>* % ^ #* #3 ^l^lH-^oil ^1*^ *°1 



€* 7l^| #^£1 °lAfl =Bl# ^71- -LVAfsl^ =5]# ^-S* ?Hr #* €* 711 *^2l 

^-** 1**Vfe fh^ofl # SJcj-. a)^ ^si <^ls^, ^1^ ^7l ^4 #7l ^s}- 

•"o 1 -^, *5fl c 'l^ U-'a *5ll 0 l^ U <, V ^ *°1 ^71 7l#^ H>5!}. % 



- 11 - 



?7fl^-*1 s-2001 -0062771 



3. *]<>] ^s. 7 i^ fl t-^s.^ stt a>-§-^- =r 54^. ^4 SE^i] 9*111- SbM- -SLH ^ ^ 

5^ -E-^MH ^1 0 J^* =^*Kr «3°1H. D H ^2^2) ijM> Jg-g- ^A}^ a>^-2)3>7fl^ 

15° °l*h iH} «HWH)^r 4 ^1*1 12° , «>^*r7llfe- 5 Ml^l 10° 3. 3E«. "Ml Hel# t 1 ^* 

¥ # SKt^ *A> #21 ^-f oflA^ ^3}-*J<i 2]t!; Tf^ ie] (Newton ring) 2] ^J-g- «<M*>°i *l*P9-§- % tA o V ^l « ^ 



^-°11 5-tI *n ^ ^ *Hf € 7l*ir **IM ^ajofl tq-s. ^ 5^0.3. MS 1 *. ^3 

2] 3Hf #3- A|olE (11 ) g ^av^ (12 ) ^o]^ ^^^^ ^^Va> 

7} 2Ml=)ir ^f-ol, #3. xg^- s.]o)m.<H #3. Si* ^(Al)°flAi21 <?3a>^-«1 tS7> Jl^ajo.S a]o] ^-i§: ( s ig. 
^3 *2| ^SHM ?]ao S Jfafrsq jl %3 A}^(Al)»fl fl-M^th % 

21 *s J?-«-ol A|-y u-^a :^H3, ^ cia^h d^asi^i 3*11 &«n*\s\ ^ 

7)21 5<a^°l -f^r* *2fl2l S>A> ^-§-51 ^ t]i#5S|ol ^1 £)- -&-A}g r 7ll .ftA} £.JE<HH =r^-% v *r Si 

Jf-a). ^Efl tij^ t)i#a|oV^7> ^€ =r Sa^-. 



^ ^1 £^ Ais. 33131^3. -¥-^-2j^S 2l*/3.^3>7iq- Sfe <g£S. ufl^i^- ^ 51 C|-. ^1^ ^A> 

Cfl^l- ^"*>Al^ D-^l^ ^°flA-l, Aj-71 ^1 £fe AlS ul^Al?!^ ^^1 H>%Z}*> 

tj-. ^^2> ^ ^^-«r f-'S ^^1* n J^" JL^§ A|-g.^ ^ ojrf. ^ ^a)- ^o. ^rg ^^v ^ 0 ]_ ^-a> 7l^ 

* M-Hl-'i ^ A J-7l 71 #^ y>2f ^-^ -^^g <g*l--i «-frt!-^. ^ £ ^ sei ^^1 Jf-g-21 

Al^^r, -a-5l^AV <HlA;tlla ^^}^ €2:BBl«»># A) o> t 6>3.^ efl ol e S^-^, v)^ zV^] 

^ ^4 ^ 7VS1A1 *l2l«>^ 21SflAl ^SlAj ^ ^AJ^ ^ C^c^ 



^aHI 



AV2)Ai ^^aj o>3^ ^Al(ol-s.^> 1 (ARONIX) UV-3701. S^>ul-?-^l o] ^-sf-i^ , el o] Ej = (TOAGOUSEI Co., Ltd 

.) ^l^-)» ^*>7l3 aj^Al^ n]el i^dj %AJ-O.S. 7}^-« A>filAi ^ ^ ^1 S Jfl^tf. 80jMD ^121 

ee)f>/fl^-il-S-2:(TAC; triacetylcellulose) €#(«1¥^€ 7>^)* 7>2lAi 7$Q->§ *>3* =rA) ofl 7>d>*] 

-1-el^rZL ololA^ Jl-f- 7>SlAi oVH.^ ^^1^ 4^=21 ^ ^ 7li» ^l7l*>S4. o)o)^ 7>S1 

Ai ^SPS 0> 3 ^ 4- AH- ^ ^e>olH ^aofl SI 3(1 ^>2)Ai O.S. 2A>5><^ ^Al-i ^^Al^iq.. 0]0\*\, ^All- ^-^^ 

S-Jf-lH i^2l 3>|S ^^^q-. <*1S 1.48521 ^^1-* ^ TCA «-8-°fl 1.53321 

^fe ^r^# %S. ^ Alolss- ^s-sj-oj^ 1.470} ^3)- ^ #3. ^o] 

^1^-SlAl ^ Alois fi) S ^<Hl ^^-Algq-. 



%S Alol^^ a-ol 40 m o]3. 3c-l7> 30mm *1 $1^. S!* a^Ie^ 2 10jum2| 5)^1 3^ ufl^l 
21 2 a^(£ 4c)«1 tflstf 23° 21 ^a>?i ^Ai AS. Hel^ ^aj- iaft 7>^ci-. =e)# ^s.^. 

*S a>^(A1) 3 §^:^(A2)^- 7>^cl-. %S S!* A>^( A l) ^a}^ 42.5 Ml^l 43° £ 

SJch ^«r^(A2) ^2] ^a>^ 1.8 v|Al 3.5° S ^Sl^. 3 8^<A2)4 91% ^^^21 ^A>zl- ^}ol^ 0 .1° <>] 
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^SS^H. *S **^(A1) 4421 *«S^o] 10 vflx) ^21 3g^( A2 )£) Jf^ 



0 1*H. ^°1W °H # D fl=l 2. 5*^ *-»aj «.a «^^S] ^4*8 TN ^ t|i**M ^21 t!r ^l ^-g-44-§: «ll*) 
^#^4* £ ^4 #4 a] olHS >fi-44^a f-&l#4. #44 2} ^4 ^*^r Hfl^S] 4^ 

a4 ^ 44 a4°il *tf<H ^44-1- n^*>^4. °W4. tac ^ °1 ^i-§4Ml ^)-«N - °J4- 

44 «"R-*>fe * "M: ^ *HliS] «11 44(^1 44 ^^)ofl^ 444<Hl ^4*1 S4. Aj. 

71 £44 #3. 4£ Alo]ES ^. ^Sofl ^Aj^ #a 44 44<>1 ^j4444 nfl^KE-S. 4^4. Sflg-fr «W 

= e1# S4 44 4 44 ^Sf-^a *11^4 % 44^ 44 4 6 1 a°ll «)1*H^ 4a 44 a| ol e 4 3])^^ Ajol 

4 4314 Htt44°fl 3*1^44. 44*^, 443 -441i ^-g- ofl^g c1i$^|ol 4*14 44*1-34. £4, ^4 
Sflo] sfl^3| 4 a 44 4°lS -5-^51 € 71*31 #444 1.485ol£4. 



44°ll 2 

4a 44 *l°la-» ^44°1 4 42° 21 ^44-° a ^44 JL, 444(A2)2] 4a 44 44(Al)°fl tfl4 ^r^^l 7 
0° <>1ZL, ^U:-¥-(A3)7> 4a 44 44(A1) ^ a] o] t= jg^cq 4a>4(A2)21 4 4W321 lOafl <>1421 ^g^aj-g- 
44 4421 4a 44 44(E 4b) 4 44 4a 44 Alol E S cfl^jAl?!^ 34 ^l<q5>Jl^, ^ AH 14 444 4*] 

4*hi 3 



4a 44 *l°la4 4a 44 A|olH (£ 7 ut 9 )S . nfl^Al?)^ 34 ^al^jr^, 14 ^ 

^4 cl^l-snol AlolM^, Alois ^^^a^ ^.«g^ol lQ m 9l ^ 42° 31 ^a^o. 

^^>^1 ^-S ^>^(A1), ^ ^ 55° 21 ^A>zl-o^5. ^A>^1 ^-A>^(A2)# 80/zm9j % 

a n^tE 4b)* 7>^4. Aioi^oflAi, %a °J^> ^°il flfl^ui. ^a ^r^l a 

oi >jfis <yA> ^^a^Bi t£o\q nfl cf^s] %a a^ s-^ 'tiEa ^>2i^.a «n*i^isi^. s*. 

■¥-(A3)21 ^2]ol ^-a^€-A}^(Al) % A)ole 3§^3) ^}^( A 2)21 ^^f-^^^Sl lQufl o] aj-o] ^c)-. 



a^aHI 4 



*s >S€- ^1^1 a* %a ig* Aioia(E 7)a ^^a]^^ ^ ^21^>jl^-, i^ ^^.a *a>^ .^.^ 

m ^"§- ^^#!H1 0 1 ^1* 'r^-*}Sl t h A 1°1S.^, ^<»17> ^ SO^lJl, 42° 21 ^A>z]-^S. «>1^^ 

^ S. 0 J=21 271121 %a 'SS- A>^(A1)* ^"JL Alola ^^<HlAi f-<^s.ol I0 m o] %a ^(JS 4a)# 7> 

^4. a1o1eoh^ ( # s 421-si <yA> ^eq 3§*3§>ji, q-^2] ^-a ^r^^r ^^U] »ms\°] 

*a ^r^l a<>l ^^a *«« °d^> ^^.a^-Bi ^o^^^s. # s ^^sioi ^-g- 

^-** *a <as ^l°ia3i 27i«i °>^a^ ^<hi all^l^is^. ^tt, 3 §^(A3)si ^^c»i Aioia j§^21 ^-a ^*a> 

^(Al)21 # ^^^al3l loafl ol-^ 0 !^^. 



5 

cf^- -^-^ n^^l^Ai ^H^-^^ofl o^sfl %a ig* saj 3§T=PjL( A 2)-t S^«h7l ^1* ^21 

71^711 *hsa^- * ^ v Ti^Tfl « ^-*°i] 3)^ ^1-S-sM 

Al°la(E 4e)» ^^-«>5|nf. % ^-aj- q efl fij h>a> a]o|e| a>^-§>^ ^ ig$A)olES. a>-§-§>^ ^J^- ^3l§> 

jife, ^t-hi i4 ^-<atb yqsLs. «a>s - ^-g- ^i^§ q^*3iioi ^*hsach. 
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.-^H 6 

*}&i=h 4fiKM>IS?l 4 s^g ^S-ofl 4^ *WM d H)sisfl sM- S^a^. °l*?fi *H. 
#3 Aioie (s 4d)t- ^4#4. # £Kt ^313 4^> ^l^lSl ^-g.44 &Ji *3. 4*- AWES, xt-g-s}^ 4 
* 43*}:^. -a*H 2*1- *°att ^.2.3. 4*PJ -Jf-al-S 4-8- 0)^ cJ^^M 44 s. ^s).£th 

7 

1.593 ^4»-|r ^ nl^4» ^4 f ^^Ej)Sl ^4** *$^*}JL 43 4* =7^1 

4 #3 ifift ^I^SSI a^-^Hl £r =3^ v 33 *fl24 StA> % 4^ 4^} AlolES. cfl^]Al7) 

^ 3* *wi-iz.^, -a^Hi 25)- i-sm 43 4^ _jp.uq.^ ^-g- ^ c^#3W 3-*i* ^*>^q-. 

wla-i i 

43 4* AloiHl- CESS'S € -a-^t aWH3 tflsfl*}^. 4^ 4 fij ^Jl-b. 14 ^4 44 0.3' 4*>^ _J=L 

4*8 ^-8- °-33 ^i-*3W =r^-*>^^. a«r, € S^l *|^(aH1* ^Vrfl^ofl ^^e]£S. 44 x| 

<>13=* 4*1*1?^. 

til 3. 4 2 

43 4*: *>^(A1)°1 3= 25° 3] ^4^J° 3 ^44:2, 4A}4(A2)3 43 7.>4(Al)°fl tfl4 ^3)^°) 70° 4 
aL. ^^(A3)7> 43 4* A>^(A1) ^ A|ols ag^dj 4a]-4(a2)S] # ^-"34351 lOHfl °143 43*5Hr c^r 
SI 43 4* 4b)* 4£r %3 4£ *]o]g.S. # s 44 AjolE^. cfl^Al?!^ 4-§- ^^5>Jlfe, !4 ^ 

iHliLS. 4^ -^-4^ ^-g- «Jj;§ q^l-5llol 4*1* ^*>^^. 

3 



IOimH #3.2.3 ^ofl Alois 3§^oflA-l 3 43-4°l 4 42° o) ji Jf-^^ol 18 43 27wn°J 

43 4* ^(Al), #3. "g*r A>^(A1)«1 tn«r^33-°l 70° 4 ^>^(A2), ^ ^ 4^ (A3) 7f a|o)e 443 4 
3 a>^(A1) 93 ^>iS(A2)3 * ^-^^2] 51 5aH ^fe 4^5) »g* =r^(£ 4b)* ^ % 

-g«- Aioiss. Aisles. cfl^A)?!^ ^ »)<qsi.j7 fei . ^ahi i4-f-«a«- -^^.s. >gA>^ -^-4^ ^-g- 



ulja^l 4 

A>^ Hll^^ofl £ ^ ^11^*H S>A> % ^-A> ^EflO} HVA> A)OlHf Cfl^l^fe ^} 

* *1S}*1-Jl±r, alJ2.«m 14 ^°Jtt ^£1 IVa}^ --^4^ ^-8- ^il-5ll 0 l ^s>^'4. 
«1 j5L°4| 5 



afl (a] ol^ ■g«W°1l «Ji^« ^ 1.2mm ^^151 i^^-Sl *V 4)-g-^&# *b*l 

4* ^ W€ -*a> a1o]e S l-al^4. *a>^5J o>^i^ ^-4 Jf-*-i- £4*^ ^ ^ 

«11^a1^4. Al4sq^ o.s afl^oj 4a>^ -^.4^ 4-g. in ci^-tsfloi j^^.^- 4 444* 
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^^^ofl ^i^sjxj ^ ^«H^ ^-S-^* ^-S-^l^. -S^H £ «1 - ^sj-S 

^-g- <S<;$ tq^aflol ^isj ^ ^ot^^) 3^ $5. ^31(BM-7, S£3M*i(T0PC0N Corp!) *H 

§)ofl s^sfl ^ °H°fl^ ^^§>^iq-. £th 2l#°l 30° 3. HI*^<>1 *&7\ 7l#^ ti}2]- 2:3*HM 



1] 





*)£(cd/m 2 ) 


#4 




-a*H i 


409 


22 


2 


432 


23 


>a*H 3 


462 


21 




382 


38 


-a a] on 5 


467 


25 


*)*H1 6 


512 


24 


*i*h 7 


457 


26 


Hl5L<4 1 


448 


4 


«l«2«fl 2 


422 


9 


til5L^l 3 


330 


29 


«lja°fl 4 


531 


3 


5 


381 


33 



^•71 11^, 2 91 42}- «1J2.§H 1 7<HH. ^ SH-fl^i -f^rt!: ^ fl£7> ^^°1 ig q 

T^t}. BljaoJ 1, 2 ?| 4°lM2l ^-CT f^S-H^W ^ofl <2?W-°S. ^ *l£7> ufl-g-°1) 

u <M-sl^^. «1j5l<4 3^fe, ^-e<>1l/-1^ *©1 M-t- ^1-3M iaH €*fl2} £]-g-2| 5°i3°l *}^}ji 
«tA> sj=°1H2} ^SsflMTf ,<H^-j8^. ■tM.-'-iM 0 ! 4*We 271121 %€-§- *V8"tt S.^} ^-s}^. 

«ls°fl 5°ll^2l 2:^ ^Efl5i.£%$2)- aia«>^ ^a]^ 4oflAi ^s.^ ■ &p] „a.tfc *Ksa-#. .aEft. 

50^ ^ ^ ^EflSl S.##± A>-g-^- Al^^oflA^, J£**O.S <?ltb ¥^1 ^7\7\ ^« ?l7l7> 



<ffl ^^l-^]Ol7l- ^^)Sl7l m^-ofl C]i-SS|ol7> nfl^ ^01^.0^ Ajqlo] -g-o] tb€. ^^Hl 2^1^ % ^ 

7-1 0]6f ^)l7l*>^ ^-f AlOjA^^. 4^04 ^- ^-AJ- AlO}S 7 > ^l^Sl^ lEi'*] £l « ^ £7> ^-°J*> 

S^. ^\ SHolH, %S ^r^°ll 21811 ^Sl^r ^ ^^^1 Ajols]^ ^% A^jLSz ^"Itb &»1^ 9iSi^ 

. ^-71 71^-g-^s.^-Ei, cii-M«>i tt^m'-T-am ci^«sii o i =8-^7> ^ m-^Ai ^ 

^* *r $JL±^, ^%#±5L °J«- ^s) ^ ^ ^7>7> ^1e)<H a1o]e ^ofl 21sflAi ^] ^ ^o] ^5*1 



^1^1-Al ^ ^21 H>%2jt!- < *Efl7> ^AlHlJl 7l#S)^m, ^A]«>71 ^^H, *>7l ^^-^ ^- *] % ^ # <H| *\ 

7l#€ h>2}- ^ « S VI §21 «^<Hl7-i ^<H4^1 ^^7-i c^ti «^ ^ ^r s S«: ^ $i-g-# olsflsil^> ^cf. 
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S.4 

,& tg-tgofl tq-Hf Jfs) "gl -g-ol *>7fl ojn 4^*e)H ^o) Jf.^ #A}?§ --^4^ ^-§- 4^1- 
(57) %=?-2\ *4 

4^ e^tb 7)* (substrate) 4 9 4^} 0.20 °l^<a ^4 «-*H ^ 4^1-314 3fl\t4 tifl'^ 

(AjoiA ^cfla )01 | 7 ^ ^^j. 4^44 444 0.15 4«}4 #5. >fi€: 44S; ^ 

#S AlclS.i| Bfl^^oll aflxl^ tiVA> ^44, 

A o v 7l #S A]ole 7 > t£Q a}^ ^ 443 #S A>^ol %S A)olS21 sgTgofl cflsfl 

30 tfl^l 48° £1 ^A>zl-o.s s^^-xHl cfl%i=s>ji 4V7I 4^314 4ol^ °Ja} 

*A>Al7l7l ^gfl ^ll^^Jl, Aj-71 Alois 3g^^ cflSfl 10° 444 ^A}zl-^s ^A>7l -#7] Alois 

Jg^4 ^^aW A)ols 3§^4 %S ^€ A>^21 ^f-<^44 lOUfl olAj-ol 

#A}*3 - Jf.3|.^ ^ 4i*N 0 l #*1. 

*i i 

4^«-3H ^4 ^iS4 tH>r4 Stt 444 ^ofl Bfl^)^ ^7}S. S«-4fe w>a}^ -f-4^ ^-g- q 

$ 4 sil oi #4. 

^ r i L «-3. ' ; '- " ; ' - • • . 

^] 2 Sl^A-l, 

4^ 4^*314 sfl^l ^^^4 A>olofl afl^l^ §>uj- olAj-ol 4^01^.^^ retarde r)# ^7>S S^Hr 
*ll 1 %M1 2144, 

"tfj^iSSl ^ 7]^-ol 21-zl- ^.igvg (isotropic) ^15:€ a J:Al-*j -f-4^ ^-g- ^ 4^#5ll4 
5. 

^l) i aHaI, 
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*]*]S.7h 2^#*l7> uflxl^ ^ofl cflsfl 30* o]^S\ 2*2.3, ^a>*1 ^-ti* ^ A 3*Kr #3. €* a>^-& Sft 
%3- Alois *H?E|51;^7l *S A]olHSl 3-3. . ig^- _ _ Aj go] U fl^4lh(Al <y^- *cfl^)of| 

^SJ- ^2)- 7RV e^tb ^€ 71* A>ol gj ^-s. Al6lH.il 7HJ- ^ ft <^ € 71* A>e»l *\ ^-§- x}°)7\ 0.10 

°l*}<a *A}^ --f-^^ £-g- #*1. 

xi i *4i a*H. 

#3 A)ol I7l Alois jgigofl cflafl 35 46° «| ^V^S. ^A}*) %Sl A>^^- Zl-fe = Sl#(pr 

ismatic) ^2:» ift*>^ *A>^ _ Jp.^ ^-§- ^ ^#?HH #*1. 

xi 7 fti sa^h. 

#3. AlolHS] ^a7f 21-21- yfrgt>\ Aj^a) o^^ -^^o} jo_s.«. s ol-f-o^ 3-§- <sq;$ t) 

^#a)l°l #*1. 

XI 7ft°fl Sfl<H*l. 

He1# ^Efl51 i^-^-7>, 3^g#*l7> ufl^l* ^ cl^l-Sflol sfl^51 ^<H| Jgq^q. SEfc- ^a}^ ^a} *8-^oflA-l #3. 
AlolsSl <msi ^-*^-S^-El cHg- ^*^£. £#51^ ^^^9J #iL3 <>1^-<H*!, *A}ig ^-i- ^ ul 

±.S.^O] ^1. 

^^g- 10. 

= el^ ^Efl^l J°-^-¥-7> l-^^f ^±3- ol^.ol^lj7 ; ZL #51 ^Jol7> £ol ^ 5Hfl olAj-olji ^^tol 2:^^l7> Hfl^l^ 
^ Cl^#5]]0l i^o} ^ Aj^^^S Jgflft, *A>^ -^-21^ ^-g- ^ Cl^l-Bflol 

XI 1 Si^Ai, 

*A> ^ofl O)^ ttA>*# ^"ftAl^ <yA>Sl£S ;g_g. T^!-5llol ^ . 

^T 1 * 12. 

XI 11 ^-ofl SH^I, 
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13. 

A 12 SH^H, 

# ^EflSl «U> ^ol n^l =5l# ^S21 71 %l 3) #71 71 « i^ofl sfl^l^ jHfivM"ir3 ^ M)-*)* i+, 

# SH_V #ol ^^A^Sl =^ #S-ifi*-Alole _-^oj| aflxl^ >*M>% ^-g- ^ c^-f^M 

14. 

A 12 #»11 5tH*1, 

tfS Si* AlolE 7 l- # j^j. ^Efl£l ^ 5-«H *A>^ -Mfl ^-g- ^ t^-^o] ^1. 

£^ 1 



0 
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